protocatechuate branch of the P-ketoadipate pathway. Thus, mandelate catabolism in R. graminis appears to be analogous to that reported for the filamentous fungus Aspergillus niger (11) . Conversely, bacteria, particularly Pseudomonas putida, metabolize mandelate through catechol rather than protocatechuate (5-8, 12, 14) . In addition, bacteria utilize disparate enzymatic reactions that are not observed in A. niger for the initial oxidation of mandelate. This report describes the enzyme activities involved in the oxidation of mandelate to benzoate in R. graminis. The results indicate that the mandelate dissimilatory enzymes in R. graminis more closely resemble those described in A. niger than the mandelate enzymes reported for P. putida (8) . Unlike P. putida, R. graminis expresses separable, stereospecific enzymes for the dehydrogenation of D(-)-mandelate and L(+)-mandelate. Some properties of these enzymes are described in this communication.
Growth and maintenance of R. graminis KGX39 as well as the preparation of crude extracts and the fractionation of extracts via ultracentrifugation were performed as previously described (1, 3) . Benzoylformate decarboxylase (EC 4.1.1.7) (8), benzoate-4-hydroxylase (1), p-hydroxybenzoate-3-hydroxylase (EC 1.14.13.2) (1), and protocatechuate 3,4-dioxygenase (EC 1.13.11.3) (4) were assayed by published procedures. L(+)-Mandelate dehydrogenase was assayed as described by Hegeman (8) unless otherwise noted. D(-)-Mandelate dehydrogenase was assayed spectrophotometrically by measuring the reduction of NAD at 340 nm. The reaction mixtures contained in a final volume of 1 ml: 200 ,umol of Tris-hydrochloride (pH 8.0), 0.5 ,umol of NAD, 0.5 ,umol of D(-)-mandelate, and extract. Protein was determined by the procedure of Lowry et al. (13) .
The ability of R. graminis to utilize isomers of mandelate and benzoylformate was examined by performing diauxic growth experiments in basal salts medium (3) containing 2 mM glucose and 10 mM aromatic substrate. Glucose-grown inocula of R. graminis preferentially grew on glucose, and after a 1. (9) .
The initial reaction for mandelate metabolism in P. putida differs from that of A. niger and R. graminis. For example, in P. putida a soluble racemase mediates the conversion of D(-)-mandelate to L(+)-mandelate, which is then dehydrogenated to benzoylformate by a membrane-associated, dyelinked L(+)-mandelate dehydrogenase (5, 6, 10, 14; Fig. 1 ). In contrast, A. niger contains a membrane-associated D(-)-mandelate dehydrogenase and a soluble, dye-linked L(+)-mandelate dehydrogenase which can form benzoylformate from their respective isomers (11) . Results from this investigation indicate that R. graminis is similar to A. niger in that it possesses both L(+)-and D(-)-mandelate dehydrogenases (Table 1) and not a racemase. However,-the D(-)-mandelate dehydrogenase from R. graminis is a soluble dehydrogenase which is NAD-dependent; no activity was detected with NADP. Moreover, dye-linked L(+)-mandelate dehydrogenase activity was observed in the soluble as well as the membran. fraction of the cell (data not shown). It is probable that this enzyme is membrane associated but is readily solubilized during cell extract preparation.
Electropherograms ( Table 2 . Besides exhibiting a strict stereospecificity for their respective substrate, different electron acceptor specificities, and subcellular location, the enzymes differed in pH optima and thermal stability. D(-)-Mandelate dehydrogenase and L(+)-mandelate dehydrogenase had optimal activities at pH 9.0 and 7.0, respectively, and the half-life of the respective dehydrogenases at 52°C was 1.5 and 45 min ( Table 2) . These results favor the conclusion that R. graminis contains separate, stereospecific mandelate dehydrogenases.
The results from this study demonstrate for the first time a dissimilatory pathway for mandelate utilization in yeasts. The mandelate pathway in R. graminis is similar to that described for A. niger with the exception of noted differ- (Fig. 1 ).
